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Materials and M ethods

Strains
E. coli K12 gene knockouts from the KEIO collection weradky provided by the

National BioResource Project (NBRP, NIG, Japanh(@&2).

Genecloning, protein production and purification

The cas genes and CRISPRs were PCR amplified fiEargoli K12 W3110 (BW25113)
genomic DNA (genomic locus: 2885900-2876300 nty directionally cloned into a
compatible expression vector set consisting of pEB-(Amg, 100 pug/ml), pCDF-1b
(StR, 50 ug/ml), pRSF-1b (Kaf 50 pg/ml) and pACYCduet-1 (Cafn 34 pg/ml)
(Novagen), or pIH1119 (Anfp) (New England Biolabs) as indicated in Table S& 88.
Primers for thecas genes were designed based on their predictedatamsstart sites
according to their latest annotatidsl) (Table S2). Mutations were introduced using the
QuikChange site-directed mutagenesis kit (Stratggifable S2). Plasmids were
transformed intde. coli BL21(DE3) (Novagen) which lacks endogenaas genes, oE.
coli DH5a in the case of plH1119. Protein production wasugetl with 0.1 mM
isopropylf3-D-thiogalactopyranoside (IPTG) (Invitrogen) at@ptical cell density at 600
nm of 0.6 for 16 h at 37C. Cells were harvested, resuspended in 20 mMH@L{pH
8.0) supplemented with 0.1 M NaCl, and disruptedgia French Pressure Cell. Tagged
proteins were isolated using Strep-Tactin (IBA, i@any), HIS-Select (Sigma-Aldrich),

or Amylose (New England Biolabs) affinity chromataghy following manufacturer’s



instructions. The identity of the proteins was deiaed by mass spectrometry, as

described 82).

Northern blotting

Total RNA from 11 ml of exponentially growk. coli cells was isolated using the
mirVana miRNA isolation kit (Ambion). Straii. coli BL21(DE3) containing various
plasmid combinations (Table S3) was grown with&fG& induction, which resulted in
low expression levels of theas genes and CRISPR due to leakage of the expression
system. Northern blots were performed by running i@ of RNA on a 9%
polyacrylamide gels with 7 M urea in 0.5x TBE buff(s3). The RNA was then
transferred to a Genescreen Plus membrane (Pemké@mEby semi-dry blotting using a
Trans-blot SD (Bio-Rad). After 1 min of UV-crosdting and baking (80C, 15 min),
the membrane was hybridized with QuikHyb (Stratajext 42°C. Blots were probed for
12 hours with aP-5'-labelled DNA oligonucleotide of spacer 4 iretB. coli K12
CRISPR (oligonucleotide BG2349, Table S2). Thedblwére subsequently washed with
2x SSC buffer £3) containing 0.1% SDS for 30 min, and 0.1x SSC dauffontaining
0.1% SDS for 30 min. Blots were visualized usinggghorimaging with a Personal FX
phosphorimager (Bio-Rad). RNA sizes were estimatgdomparison witt??P-labeled

Decade RNA marker (Ambion).



Cleavagereactions

Internally radiolabelled transcripts were generabgdin vitro transcription using the
MAXIscript T7 kit (Ambion) anda-*P-UTP (GE) (Table S2). Templates far vitro
transcription were generated by PCR using primé&2359 and BG2374 for thHe. coli
K12 CRISPR, BG2462 and BG2463 fercoli UTI89, and BG2452 and BG2461 for the
non-CRISPR. Full-length RNA substrates were gdhiga from denaturing 2% agarose
gels as described®). Cleavage reactions were set up at@7n 20 mM Tris-HCI (pH
8.0) supplemented with 0.1 M NaCl and 1 mM EDTAotBin samples (Table S3) were
treated with 10 mM EDTA prior to the cleavage as#gessays were started by adding 0.3
pg of Cascade, or 0.ig of MalE-CasE to a reaction containing 10 ng dfmeified
internally *?P labeled transcripts in a total volume of l0Samples were treated with 1
U of proteinase K for 5 min at 3T (Fluka) and acid-phenol extracted as descriBgy (

Reaction products were analyzed using 8% polyaerge gels containing 7 M urea.

RNA cloning

Protein-bound total RNA was isolated from Strepiirapurified Cascade (Table S3)
using themirVana miRNA isolation kit (Ambion). Approximately gg of RNA was
denatured for 10 min at 6%, and subsequently 3’ polyadenylated for 75 mid1atC
using Poly(A) polymerase (Ambion) as describ&d).( RNA products were separated
from unincorporated nucleotides and enzymes usingueAway gel filtration spin
column (Ambion), and reverse transcribed with thescript Il kit (Invitrogen) for 50

min at 50°C with anchored primer BG2164 (5-GCCCGCGGATCCTTTTTTTTT-



TTTTTTTTTTTTTTTTTTTTTVN-3') (BamHI site in bold fae) (S6). The RNA strand
was degraded by RNase A (Fermentas) and RNaserbinéga) for 15 min at 37C.
Single-stranded cDNA was purified using the MinEIB®XCR purification kit (Qiagen). A
3’ poly(dG) tail was added to the cDNA by 60 mincubation with Terminal
Deoxynucleotidyl Transferase (Invitrogen) at 3C, followed by purification using
MinElute reaction cleanup kit (Qiagen). The singleanded cDNA was used as a
template in a PCR using Native Pfu polymerase {&jene) and primers BG2220 (5'-
GCGCCCGGGATCCCCCCCCCCDN-3) and BG2222 (5-GCCCGCGGATCC-
TT-3’). The PCR products were cloned into vectoiQ29 and transformed int&. coli

NEB5a (New England Biolabs).

Phage studies

Host sensitivity to phages was tested using aemtuariant of phage Lambdayf) (S7)
obtained from Centraalbureau voor Schimmelcult@#secht, Netherlands) ariél coli
BL21-Al (Invitrogen) as a host (Table S2 and S3jaiis were grown in 2YT-Lambda
(2YTL) media (16 g/L tryptone, 10 g/L yeast extraetg/L NaCl, 10 mM MgS@ 0.2 %
maltose) until the optical density (@49 nn) reached 0.3. Cas protein and pre-crRNA
production was then induced for 30 min by addinfinal concentration of 0.2 % L-
arabinose (Sigma-Aldrich) and 0.1 mM IPTG. Cellgavepun down and resuspended in
10 mM MgSQ, before being used in plaque assays accordindgatadard procedures
(S3). Plaque assays were performed in triplicate eBlahd top-agar contained 2YTL and

above mentioned concentrations of inducers. Thesithgty of the host to phage



infection was calculated as the efficiency of piaqu(S8), which is the plague count
ratio of a strain containing an aitj; CRISPR to that of a strain containing a CRISPR
with non-targeting spacers (N). Error-bars werecudated as one standard deviation.
Anti-A CRISPRs were designed by randomly picking protesp sequences in four
genes of thé genome (Fig.S3). The artificial aMtiCRISPR design did not take a8y
thermophilus CRISPR maotifs into accoun$y, S10). The motifs are conserved nucleotide
sequences located downstream of proto-spacersorirtts genome, which are important
for the phage resistant phenotype $nthermophilus. No CRISPR motif could be
identified for theE. coli K12 CRISPR¢as system using the flanking regions of the four
known proto-spacers in phage P1 and plasmidSH)( The antiA CRISPRs were
synthesized by Geneart AG (Regensburg, Germanyy, subcloned into vector
pACYCduet-1 vector (Novagen) (G Ti4, Table S2) using restriction sites Ncol and
Acc65l. CRISPRs with single targeting spacers, (G, Cs, Csi, Ti, To, T3, Ts4) were
obtained by exchange of single non-targeting sgacérthe N CRISPR with the
corresponding single targeting spacers of énd T, CRISPRs using restriction enzyme
pairs Ncol and EcoRlI, EcoRI and BamHI, BamHI andl,Nssil and Acc65I (Fig.S3).

The CRISPR sequences are provided in Figure S4.
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TTHB192 .. .MWLTKLVLNPASRAARRDLA. ........ NPYEMEIRTLSKAV|SRALEEG. . ... RERLLWRLEPA..... RGLEPPVVLVQTLTEPDWSVLDEG
CcasE . MYLSKVIIARAWSR. ... 0uoovuennnn. DLY[QLEQGLWHLFPNRPDAA. ... .. RDFLFHVEK..... RNTPEGCHVLLQISAQMPVSTAVATVIKT.
EcHS_A2895 . MYLSKIIIARAWSR. ... vuoveunennnn. DLY[QLEQELWHLFPNRPDAA. ... .. RDFLFHVEK..... RNTPEGCHVLLQSAQMPVSTAVATVIKT. .
SDY_2955 e MYLSKVIIARAWSR. ..vvvueuonnnn. DLY[QLEIQGLWHLFPNRPDAA. .. ... RDFLFHVEK. . ... RNTPEGCHVLLQSAQMPVSTAVATVIKT. .
GSU1389 v MYLSKVLINGTACR. .vvvvuenennnn. NPY[EIERVLWKLFPEDADAE...... RDFLFRVE. ..... RSGQQSVEVLLQSRREPTMAASREVLLMG.
Ping_ 1587 e JMYLSQVMLINTH . « v v v e v v eveeenenn DIYEQEIQAIWSLFENVADRK. ..... RDHLFRVEV...... ADRQSCKVLLQS|STEPKSSEQAKVLAS.
FRAALO0457 . .MTYLSRVWLNPLRTGAQSLLR......... NPERMEAAVLGGLTRQPVT. ... ... ERVLWRLETG...... RPHRAEVLILTESRPSWEHLIEQAG. .
nfad4230 ...MFLSRVPLNPARQGTRKLLS......... SPQAAEIAAVLAAFPPQPSTP....GTGRVLWRVDR. .. .... RDHAVDLYVV|SPSEPDFTHIVEQAG. . . .
s8ce0560 ...MYLSRALLNPISRAVRADIA......... DIEGLERTIMRAFPDGAGP..HPRRAHGVLFRVDE. . ... AVLRGRFVLLVQSATRPDFTRLPEDYFLDIQEDLG
STH669 ...MYLSLLRLNPASAAVQRDLR......... DV/QALEIQRVMSAFPDVLDPEVEARAYFGVLYRLEL. . . . . NRYSGQVLLYVQSRVEPDWGRLPAGY. . .
RoseRS_0646 ...MYLSRLILDVRQPRVRRDLS......... DVYRLERTILSAFPQAPDN.VPARAHFGILYRIEPI....SDMPWLVRLLVQSREQPDWSHIPDRMFG.
SAVE7538 .MSVWLTRIVPDPRSRDARRDLGGND......SAMGLERRLMSLYPCDAGP. .DPRARFGVLFRIE.......DTPAGAHILLQ|SAHEPDLTRLPDGY........
cbdb_A1519 ...MYLSLLRLNPRSKRALTESS......... RPY[ELERSLLKAFPD.KADG....GPGRVLFRLDM. . ... NEQTGGISVLIQS[EKKPFWTNLNGY. ...
Sfum_2829 .. .MYLSLLSLDRLHRGTMRLLS . ........ DIYLLEKGIMSGFTR.CGDG...... LRV[LFRVEP .. ... ENDDRIVRIMVQSDGSPP[SWELFTER. . . .
CYA_ 0730 ...MYLSRLILNERQLLVQRELS......... NAHALEORIMHGFPDQPTK. .. ... TPRSDWHIL[Y..... RQEPDGCTILVQS[VIQPDWSRLPQG. . ..
Dgeo_2634 MTLLYLSRLRFEDRDRRTARDLA......... SPYALEQTLRWAFAGAGVEG. .. .APLPDGERALW. . ... RQE.DRATLLVQS|LTAPDWEALNAR. ...
Pmen_3756 ...MYLTRLTLDPRSAQARRDLA......... DAY[EMERTLARAFVTDEHSA. .. .. PARFLWRLEAG....SNAWATPVVLVQSTLAGDWSALQVLP. . .
Ppro_2338 ...MFLSRLRLNLRCREARRDLS......... NPY[QLEISTLCRAF|SPPETKC....PKGEFLWRLEPE... . TDSSGYPRIIVQSRNIPDWGGVGVN. ...
Acry_1809 MSTMWLSKARLNHDQKAVAALASVLVPEDGSARVAATEHLVWSLFAGDADRK. . .. .. RDFLWREERP. ......... GHFLIL[S|PDRPGDGGGLCTVES.
Rru_A0170 . .MSHITRAELSRDTGARKALTALLRDQGG. .. TDGGERLVWTLFADDPKAS...... RDFVFRERAEP. ......... GRYLIV|SARPP/GDGQGLWRLET.
Mmwyll 3543 ...MYLSKVSFQASQQARQLLLGFG. .GKG...VYSTEHQOMLWQL[FTE. .EDE...... RSFLFREEQS...... ADGSKAFFVL|S|SVKPESDESTFNVKT.
plu0750 ...MYLSKIVLRQSSQTANILAKLS..ANG...VYTSEQLLWKL[FST..DEK...... RQFLFREEIG...... IMGLPVFYVL|SKTSPQTESPLFEVET.
Csal_0231 ...MYLS|SVRVDLNALTREQLFDVL..EGG. . .AYTARQLLWTLFADTSEGE. ..... RPFLFRQEMEEAANGKSQGLPRFYVY[STRRP[EAVAG.LDVQC.
ECs3610 ...MYLSRITLHTGQLSPAQLLHLV..DRG. . .EYVMEQWLWDLF LGKE...... RQFLYRREEL....... QGAFRFFVLIS|QERPAES .ETFTIEC.
SBO_2764 ...MYLSRITLHTGQLSPAQLLHLV..DRG. . .EYVMEQWLWDLF LYRREEL....... QGAFRFFVLIS|QERPAES .DTFTIEC.
EcE24377A_3058 ...MYLSRITLHTGQLSPAQLLHLV..DRG...EYVMEQWLWDLF| LYRREEL....... QGAFRFFVLIS|QERPAES .ETFTIEC.
sc2871 ...MYLSRITLHTSELSPAQLLHLV..ECG...EYVMEQWLWDLF LYRREEL....... QGAFRFFVLIS|QEQPAAS .AIFDVQT.
STM2939 ...MYLSRITLHTSELSPAQLLHLV..ERG...EYVMEQWLWDLF LYRREEL....... QGAFRFFVLIS|QEQPAAS .AIFDVQT.
ESA_02833 ...MYLSKITLPTARLTPERLMEMM. .ARG. . .EYVMEQWLWELF LYRRETL....... QNGFCFYLLSASAPERTHPLFEIQT.
STY3066 ...MYLSRIQLRFNNLRPEMLAKWN..SAR...PYASEQWLWQL|F LFREEA........ HGG..FFMLSAIPPLLQHSLFLIET.
SPA2795 ...MYLSRIQLRFNNLRPEMLAKWN..SAR...PYASEQWLWQL[F LFREERA........ HGG..FFMLSAIPPLLQHSLFLIET. .
Dde_0860 e JMWMSKLVLDPRRAVG . .o oo v vuennnn KNLYDTERLLWNL|F LEREQ[. « ¢ v v v v DEPYTFLTV/SRRQPEDTTGWWSIQI. .
Mhun_1376 ...MFFSKMTLDREAAISGRFRDLV...... TGPYQVEIEVIWDL|F LYRAELT....... GRDPVVYLLSARKPVYEGNVWNILS.
Gura_0829 . .MNWLARLEVDAETVRAAGISE......... DVYAWEIKLLWECYPDQPEAE. .. ... RDFLTRIDQL....... EGAYRFWVLAKRKPVMPRWCPVDGFG.
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TTHB192 LYAQV. .. ... FPPKPFHP . ALKPGQRLRFRLRANP LAATGRKRVALK. .o oo veennnn. TPAERVAQILE. ..... RRLEEG[GFRL
CasE e KQVEFQLIQV|GVPLYFRLRANPIKTILDNQK. .RLDSKGNIKRCRVPLIK......00ovun... EAEQIAQLQ...... RKLGNAARVE
ECHS_A2895 ceeiieiensee... . KQVEFQLQVGVPLYFRLRANPIKTILDNQK......RLDSKGNIKRCRVPLIK..............EAEQIALQ......RKLGNAARVE
SDY_2955 ceeeieieniee... . KQVEFQLOVGVPLYFRLRANPIKTILDNQK......RLDSKGNIKRCRVPLIK..............EAEQIANLQ......RKLGNAARVE
GSU1389 i SKPYLLS/LQQDQQLRFMLVANPIKTINDESA. .RLNSANEIKKCRVPLIR......0ucuu.n. EEDLRA[JLK...... RKLEGVAVIE
Ping 1587 = ... KSFLAEIKQDAFYKFKLLAYPTKCLSQGK . « v vt vvvvuennnnnnn KVIEIK. ... '0oouunenn. EANEQVORLO. ..... RKLSGAN. . .
FRAAL0457 .WPNAEDPQALVRDYQPLLDRIIQAGREFAFRLRANPVAATRQPTSPSVAQKERLAGPRPRGVRVAHRT . . ..o v vvuvnn.. AGQQLAWFT...... DRVDRWGFTP
nfad4230 .WPTT..TAWTTRKYGPLLDRLAVDQQWHFRLTANPVRAAMNRDAEAPLTR. . ... GKRRGLTVAG. « o v vt v v v e ieneennn QMGILQ. . ... . DKSASSGFRL
sce0560 LTEPSPIENPAIREVGSERARIRAGDFFRF|SLRASPTRRIDT. ... . .KSGDDGKRRNGRRVELRD..............DASRLD|JLR......RKAMAGGFEL
STH669 LTPADGLPNPAVKRVDEAYARIREGRVLRFRLRANPTRKIDT. . . .KSGPNGEKRNGRRVPLSG.......... ....LDAQLG|ME. . ... .RKAREHGFEL
RoseRS_0646 .PALDERGNPALRRIDDEYARIRSDMQFLFRLLANPTRRLSN. .RSSERDDRLLGKRVALLR. . st v vt vuennnn EEEQIA[ULA...... HKGEQHGFRL
SAVE7538  ....... GQAITRPLDPLLDALKPGLTIRYRICTASPVRKPGA. .. .NTRALYNLPAVVPLN.............. GAAADEWT. ..... RQADAAGLKP
cbdb_A1519 ..TEF...VTECKCKEFKP.ALAPGQVLRFRLRANPTKR . . v v v vvuennnnns SKSTGKREGILK. ... .0ouvuwnn.. TEEQVEJLR...... KKGMNGGFEV
Sfum_2829 ..HPC...VIDMRTKVFSP.ALRAGHSYRFRLRANPAVE . .. .ovuvunennennnn. RNGRKRYGLIR. ..o vvvunnwnn.n DETLEEJLR...... RKEPALGLQF
CYA_0730 ..YVQ..RDPEVKIFDLRPEVLISKGRCFQFRLRANP[SKR. « ¢ o e v v vt v vovunnnn DEKTRKIVGFFR. .ot vt enennnn SEDQLEWQLR. . . ... RQGFQHGFEV
Dgeo_2634 . .HPGSLRGWEVKTVDLAP . ALTPGRPLRFRLRANVITVREL « o ¢« v v e v v v v aennn DEKGRSRRHAVRG . .. vt v v v vnnns PHEQLEQLS. ..... RQGERC[GFAV
Pmen_3756 NYLQR...EIESKPLEFQA.WMEGGARYRFRLLANE[T. .« v v vttt v ennennnnn VITRQGKRYGLAG. . ¢ v v v v v v e EQEQLALS. . .. .. RQGERHGFEV
Ppro_2338 GWIQQADPAIDLKERLKLD.LLKAEQRFRFRLRANPC. .t vvvvnvunenenennn VTKNGKRLGLLK . . .v.vuennnenn. QDEQEK|JLK. ..... RKGAQHGFCL
Acry_1809 ... KEFAPALISAGDRLG|F|SLRANAVVSRGEPGSGR . .GKRHDVVMDVLRHHPKG..ERASH.RLGLVTEVGAA|JLVR. .. ... QGERHG[FVV
Rru_A0170 .+ttt KPYAPAFREGQRFG[FTLRANPATAVKQAGETR . .GKRVDAIMHAKTRSATP..LTVED.RE....RVALDYLLD...... RQQGFGVLF
Mmwyll 3543 ... ... KTFMPKLIQS/GQRLGFITLRANPTVCTTDEKGK . .SKRHDVMMHAKKAAKESGVSDSEE.IRLIMEQAAQE|JIANP....KRLENWGFTL
Plu0750 e KAFYPQLKEGQRLAFKLRVNPTICITDPSGK . .RQRHDVLMHAKFQAKQQGETEQGK.IKAMMENAARNLLNH....RRMQQWGIQF
Csal 0231 .. KPFAPQLAKGERLAFRLRANPTVAKSAGEGQR . .SHRADVLMNARKPFS.PGERTSQA.CVDAMETAARD|LA. .. ... ERAPRFGFEL
ECS3610 .. RSFVPELRTGQQLC/FINLRANPTICKAG. . ...KRHDLLMEAKRQVRGQ.AEGSD..VWLHQQQAALDLA. .. ... AQGERS|GFTL
SBO_2764 i RSFAPELICTGQQLC|FINLRANPTICKAG. ...KRHDLLMEAKRQVRGQ.AEGSD..VWLHQQQAALDLA. .. ... AQGERS|GFTL
ECE24377A_3058 ... ...ouvuunnnn RPFVSELRTGQSLC|FINLRANPTICKAG. ...KRYDLLMEAKRQVKGQ.AEGRD..IWLHQQQAALDILA. .. ... AQGERS|GFTL
8C2871 i RPFAPML|SAGQTLRFNLRANPTVCKNG . ...KRHDLLMEAKRQRKTQ.GDSQD..IWSYQQQAALT|LA. ... .. RQGEQNGFTL
STM2939 i RPFAPTLISAGQTLRFNLRANPTVCKNG. ...KRHDLLMEAKRQRKTQ.GDSQD..IWSYQQQAALT|LA. ... .. RQGEQNGFTL
ESA 02833 . ...i..i.ieiaeen.n RPFAPAPDEGTALR[F|SLRANPVVTRNG. ...KRHDVLMNAKREWQLN.QKQGA. .LWTMQEQAALAWLD. . ... . AQGEKGGFRL
STY3066 i KLFNPQLITNGLELD|FQLRANPVITRNG. ...KRSDVMMNAKHQAKANGVEKER. . WWELQQQAAQAWLE. . . ... QQGQQHGFRL
SPA2795 i KPFNPQLITNGLELDFQLRANPVITRNG. . ...KRSDVMMNAKHQAKANGVEKER. .WWELQQQAAQAWLE. . . ... QQGQQHGFRL
Dde_0860 ....i..iaiaea.n KPYAPKLIQAGDAVAF|SLRVNAVVKRNENGKQR. . . . ... RFDIVQDACLRMKELNQNAQMPTRAEIAQEAGTR|LL. .. ... ARQQALGLSI
Mhun_1376 .t eeeeeeeee e KPFHPVLQKDDLLNFRIRVNPVVTKTEPDPDRKR. . IRHRHDVIMDAKRRLNEANSSFSMS...DLVQQESVRLR. . .. .. QRSEKGGFSL
Gura_0829 ... ..eeiaaan.. LNEISPSFLSRQYYAFDLRANP[VRAAVQRDANGEQ .VLDANGKRRRGKRVPLVEP . ..o vovvuenn.. DELRA|JLVRKGEVRCRDKETGLDV
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TTHB192 LEGER. .t oo eeeeennnns GPWVQILQDTFLEVRRKKDGEEA. .. .GKLLQVQA[VL[F| [LEViVDPERALA T K .
CasE DVHPIS . ittt vttt o neneennenns ERPQYF..SGDGKSG C|F LITINDAPALIDLV K| .
EcHS_A2895 DVHPIS . ot vt v i innennenenenns ERPQYF..SGEGKNG C|F LT/ INDAPALIDLL K .
SDY_2955 DVHPIS . o vt tvninnennenennns ERPQYF..SGEGKNG C|F LT/ INDAPALIDLL K .
GSU1389 AVEVEK. ¢ ot ittt ienineenennn RPAMNFRKAREKRVG V|S|F| L|SV|TDPVGLISLT K .
Ping_1587 CVTVTA . ottt et eeee i ieenen MDDLMV...RSKKSY. viC|F LIQV|TD[SEQIQRAT K .
FRAAL0457 C.LTTETG. . v evuenennnn PAVQLNARERLTFRKRPPDGGNGGKNKGHQVVLSTA[TF LRVVDPDLARRAL| K LAPLAPVTTPPSEG
nfad4230 GTCRTLEG............DVPDAVITERTTERFR.........RGSATVTLSVVTY LAV|SDPEKLRTAL| K LAPIA......ou..
sce0560 CGAEDGAG. .« v v v v v vunn VGGVSAVEEPKLTGRGSGASEQ....RQQLTLAPV[LF LRV|TDADRFREAL| K IAPEQG .
STH669 LEATVARA. .t vvevnennnenns AGASERVRSYTTGR V|L{F| LVVRDAGRFREAL| K VGPG. .
RoseRS_0646 LSTSVNPD.....vuvuwnnnn VPAVQAAKQADEHGWRKATQTQ....TMHLTFGAV[L[F LKV|TDADRFRTAL| K IAAQ. .
SAVE7538 LALHPHPL ... ...0vvun.. DAAQGVRAGNGDKQR . « v v v v v e v v IRHNR[I[RF AT/ITDPDLLRQK[T K| IAPTREAQ. .
cbdb_21519 CEVFT .ottt inininennenennn VDEGFAKDKMTDTDN ....HHTNMLSV[RF LR[V|TD[SDAFQSTL| K VASVKE. . .
sfum_2829 RSVLA.......c000o0vuee... . LDEGYVITGHKEGSGHP.......QRINIKTARF LITV|SE[PHLVQNATL| K
CYA_0730 LAAEG . st v vttt teeen e IPSPQIFGIKKGLSGP......... VRIHTV|LF LIR[V|TD|[SEAF VKAV R
Dgeo_2634 LAAD . ¢ttt ittt ieeineenennn IVHSGTVKTRKGSAT. V|T|F LRV|TDPAALLEAV| K
Pmen_3756 - VTASDVLAS.HKGDSR viC|F| LQVIRELASFSGAL| K
Ppro_2338 PEFLSFDYYESSED...... RIDVRISQEQMLSDKQHSDNS. VLY LIT|I|TE[PEMFKIA[L K|
Acry_1809 EGOP . vttt v ineneneneenens ACDGYEAIRVLRGRGEKP I|D[F] L|SVITDPARFIAAT R
Rru_aA0170 ERAL.....oouo.n e e CSAGGYRQVRVPRGGKA. ID|Y F|TVRDPGLLGQA[L K]
Mmwyll 3543 DFLP . vttt eeneennnennnn EVQTYMQHRSDKNREDK DY L/TVIQDPEKFLEQTL| K
plu0750 5 T DIEGYTQHRSVKKQGQK. D|F LTI TNGELYLE QY| K|
Ccsal_0231 PVAP . .ttt it inennennn EMGAYRQHELKKSDRREP DY LEV|TDPRRLIETL K
ECs3610 5 2 N SVDAYRQQQLRRENSRQL D|Y L/TV|TDPGLFLQRL| R IKPGAEV. .
SBO_2764 7 2 B SVDAYRQQQLRRENSRQL DY L/TV|TDPGLFLQRTL R IKPGAEA. . .
ECE24377A_3058 LDT. .o oo vvennenenennennnn SVDAYRQQQLRRENTRQL DY L/TV|TDPGLFLQRTL R IKPGAEA. .
sc2871 28 o N SVDAYRQQQIRREKSRQM DY LVLNDPVLFLQRL| R IKPGDDA. .
STM2939 REA. .t vtvninnennennennnn SVDAYRQQQIRRGKDRQM DY LV|INEPALFLQRL R IKPGDDA. .
ESA_02833 SOA. i i e CVAAYRQQQVVKKRGEL DY LIIV|TDPARFIARL R IKPGDGV .
STY3066 IAPEPDDFAMWAGDEYSELQAHCGCVQAYQQHRFVRKDQETP D|F LIC|I|TDAALFKQAL| K .
SPA2795 IAPEPDDFAMWAGDEYSELQAHCGCVQAYQQHRFVRKDQETP DF L/C|I|TDAALFKQATL K VKRKR .
Dde_0860 ESAA. it ininenenennnnnn ILVEGCKVERFVKRATRDTRS....GVVSLGIMDL AEVKDPQLLLQAL K .
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Figure S1

A. Multiple sequence alignment of CasE homologs. Sequences were aligned with TCoffee (S72) and aligned to the
structure of TTHB192 (PDB ID: 1WJ9) (S13) using ESPript (S/4). TTHB192, Thermus thermophilus HBS; CasE,
Escherichia coli K12 W3110; ECHS A2895, E. coli HS; SDY 2955, Shigella dysenteriae Sd197; GSU1389, Geobacter
sulfurreducens PCA; Ping 1587, Psychromonas ingrahamii 37; FRAALO0457, Frankia alni ACN14a; nfa44230,
Nocardia farcinica IFM 10152; sce0560, Sorangium cellulosum ‘So ce 56”; STH669, Symbiobacterium thermophilum
IAM 14863; RoseRS 0646, Roseiflexus sp. RS-1; SAVE7538, Streptomyces avermitilis MA-4680; cbdb A1519,
Dehalococcoides sp. CBDB1; Sfum_2829, Syntrophobacter fumaroxidans MPOB; CYA_ 0730, Synechococcus sp. JA-
3-3Ab; Dgeo 2534, Deinococcus geothermalis DSM 11300; Pmen_3756, Pseudomonas mendocina ymp; Ppro 2338,
Pelobacter propionicus DSM 2379; Acry 1809, Acidiphilium cryptum JF-5; Rru_AO0170, Rhodospirillum rubrum
ATCC 11170; Mmwyll 3543, Marinomonas sp. MWYL1; plu0750, Photorabdus luminescens subsp. laumondii TTO1;
Csal 0231, Chromohalobacter salexigens DSM 3043; Ecs3610, E. coli 0157:H7 str. Sakai; SBO 2764, Shigella boydii
Sb227; EcE24377A 3058, E. coli E24377A; SC2871, Salmonella enterica subsp. Enterica serovar Choleraesuis str.
SC-B67; STM2939, Salmonella typhimurium LT2; ESA 02833, Enterobacter sakazakii ATCC BAA-894; STY3066,
S. enterica subsp. Enterica serovar Typhi str. CT18; SPA2795, S. enterica subsp. Enterica serovar Paratyphi A str.
ATCC9150; Dde 0860, Desulfovivrio desulfuricans G20; Mhun_1376, Methanospirillum hungatei JF-1; Gura_0829,
Geobacter uraniireducens Rf4. Secondary structural elements and amino acid numbering follows the TTHB 192 structure
and sequence. Disordered loops are indicated with a plus (+), and the highly conserved residue His26 is marked with
an asterisk (*). The highly conserved C-terminal glycine-rich loop, which is the hallmark of this protein family, is
highlighted with a box.

B. Ribbon diagram of the structure of TTHB192, a CasE homolog from Thermus thermophilus HB8 (PDB ID: 1WJ]9)
(S13). Structural features are indicated as in A. Structurally disordered residues 108 to 115 and 156 to 169 are depicted
by dashed lines. Note that the highly conserved glycine-rich loop between secondary structure elements a5 and 12 is
spatially close to His26.



Figure S2
Sequences of Cascade-bound RNA.

>RNA1- SP6
ATAAACCGTCAGCTTTATAAATCCGGAGATACGGAAACTAGAGT TCCCCG

>RNA2_D- TAGATOSE- 1, 6- DI SPHOSPHATE ALDOLASE GATY
TTGTACGTGGTATCGACAAAGCAGAT GCTGAACAACGCACAGCGCGECGGI TATG

>RNA3- SP3
ATAAACCGGGECTCCCTGTCGGTTGTAATTGATAATGT TGAGAGT TCCCCG

>RNA4- SP3
ATAAACCGGGECTCCCTGTCGGTTGTAATTGATAATGT TGAGAGT TCCCC

>RNAS5- SP2
ATAAACCGCAGCCGAAGCCAAAGGT GATGCCGAACACGCTGAGT TCCCCG

>RNAG- SP5
ATAAACCGCCGAAT CGCGCATACCCT GCGCGT CECCECCTGCEAGT TCCCCG

>RNA7- SP8
ATAAACCGCT GCTGGAGCT GECTGCAAGGT

>RNA8- SP3
ATAAACCGCEECTCCCTGT CEGT TGTAATTGATAATGT TGAGAGT TCCCCGCGCCAGCG

>RNA9- SP3
ATAAACCGECECTCCCTGT CGGT TGTAATTGATAATGT TGAGAGT TCCCCG

>RNA10- SP8
ATAAACCGCTGCTGGAGCTGECTGCAAG

>RNA11- SP2
ATAAACCGCAGCCGAAGCCAAAGGT GATGCCGAACACCGCTGAGT TCCCCG

>RNA12- SP8
ATAAACCCCTGCTGGAGCTGECTG

>RNA13- K12- 2876563- 2876522, | NTERGENI C
ATAAGGAAATGTTACATTAAGGT TGGTGEGTTGI TTTTATGG

>RNA14- SP1 EN 2
ATAAACCGCT TTCGCAGACGCGCGGECGAT ACGCT CACGCAGAGT TCCCCGCGCCAGCGEEEA
TAAACCGCAGCCGAAGCCAAAGGT GATGCCGAACACGCTGAGT TCCCCG

>RNA15- 16S
AAAACT GGAGGAAGGT GECGATGACGT CAAGTCATCATG

>RNA16- SP4



ATAAACCGT TTGGATCGGGT CTGGAAT TTCTGAGCGGT CGCGAGT TCCCCGECGCCAGC

>RNAL17- SP2
CCGAAGCCAAAGGT GATGCCGAACACGCTGAGT TCCCCG

>RNA18- SP4
ATAAACCGT TTGGATCGGGT CTGGAAT TTCTGAGCGGT CGCGAGI TCCCC

>RNA19- 23S
TCGCGGATGCGAGCT GG

>RNA20- SP2
ATAAACCGCAGCCGAAGCCAAAGGT GATGCCGAACACCCTGAGT TCCCTG

>RNA21- SP8
ATAAACCGCTGCTGGAGCTGGECTGC

>RNA22- 16S
AAATTGAAGAGT TTGATCATGGCTCAGAT TGAACGCT GECGECAGGCCTAACACATGCAAGT
CGAACGGTAACAG

>RNA23- SP4
ATAAACCGT TTGGATCGGEGT CTGGAATTTCT GAGCGGT CECGAGT TCCCCECGECCAGCES

>RNA24- | NTERGENI C K12 2876539-2876477
GGTGEGT TGTTTTTATGCGAAAAAATGCTTTAAGAACAAATGTATACTTTTAGAGAGI TCCC
C

>RNA25- SP2
AGCGGGEGATAAACCGCAGCCGAAGCCAAAGGT GATGCCGAACACGCT GAGT TCCCCGCGCCA
GCGG

>RNA26- LEADER- REPEAT ONE
TGGTGEGTTGT TTTTATGEGAAAAAATGCTTTAAGAACAAATGTATACT TTTAGAGAGT TCC
CCGT

>RNA27- YGCL
TATCGTAATAATCAAGCATCTATTCTTGAACGGECGTCATGATGTGT TGATGT

>RNA28- YGCL
ACATCAACACATCATGACGCCGT TCAAGAATAGATGCCTTGATTATTACGATA

>RNA29- | NTERGENI C- K12- 2876396- 2876357
GCAGCCGAAGCCAAAGGT GATGCCGAACACGCTGAGI TCC

>RNA30- PROQ PUTATI VE SOLUTE/ DNA COVPETENCE EFFECTOR
AATAGCAGTAAAGAAGTAATCGCGT TTCTGECCGAACGT TTTCCCCACTGI TTCAGTGCGGA
AGGTGAAGCGCGTCCECTG

>RNA31- SP2
ATAAACCGCAGCCGAAGCCAAAGGT GATGCCGAACACCGCTGAGT TCCCCG



>RNA32- SP1
ATAAACCGCCT TTCGCAGACGCGCGECGATACGCTCACGCAGAGT TCC

>RNA33- SP8

ATAAACCGCCT GCTGGAGCTGECTGCAAGG

>RNA34- SP4

ATAAACCGT TTGGATCGGI TTTGGAATTTTTGATCGT TTCCGAGT TCCCCG
>RNA35- SP5

ATAAACCGCCGAAT CGCGCATACCCT GCGCGT CECCGECCTECGAGT TCCCCECEC

>RNA36- SP7
GATAAACCGGACT CACCCCGAAAGAGAT TGCCAGCCAGCTTGAGT T

>RNA37- SP8
ATAAACCGCTGCTGGAGCT GECTGCAAGECAAGC

>RNA38- 16S
ACGACCAGGEGECTACACACGT GCTACAAT GGCGCATACAAAGAGAAGCGACCT CGCGAGAGCA
AGCGGACCTCATAAAGT GCGT CGTAGT CCCGATTGGAGT CTGCAACTCGACTCCATGAAGTC
GGAATCGCTAGTAATCGTGGAT CAGAAT GCCACGGT GAATACGT

>RNA39- 23S
AACTTCGGGAGAAGGCACCCTGATATGTAGGT

>RNA40- SP1
ATAAACCGCT TTCGCAGACGCGCGECGATACGCTCACGCAGAGT TCC

>RNA41- SP4
ATAAACCGT TTGGATCGGGT CTGGAAT TTCTGAGCGGTCGCGAGTI TC

>RNA42- SP4
ATAAACCGT TTGGATCGGEGTCTGGAATTTCTGAGC

>RNA43- SP4
ATAAACCGT TTGGATCGGGT CTGGAAT TTCTGAGCGGT CGCGAGT TCCCCG

>RNA44- LACI
TTCTCCCATGAAGACGGT ACGCGACT GEGCGT GGAGCAC

>RNA45- SP2
ATAAACCGCAGCCGAAGCCAAAGGT GATGCCGAACACCGCTGAGT TCCCCG

>RNA46- SP5
ATAAACCGCGEGAAT CGCGCATACCCT GCGCGT CECCECCTGCEAGT TCCCCG

>RNA47- SP4
ATAAACCGT TTGGATCGCGEGT CTGGAATTTCT GAGCGGT CECGAGT TCCCCG



>RNA48- SP1
ATAAACCGCT TTCGCAGACGCGCGECGATACGCT CACGCAGAGT TCCCC

>RNA49- SP5
ATAAACCGCGAAT CGCGCATACCCT GCGCGT CGECCGCCTGCGAGI TCCCCG

>RNA50- SP8
ATAAACCGCCT GCTGGAGCTGECTGCAAGG

>RNA51- SP2
ATAAACCGCCAGCCGAAGCCAAAGGT GATGCCGAACACGCTGAGT TCCCCG

>RNA52- SP7
ATAAACCGCGACT CACCCCGAAAGAGAT TECCAGCCAGCTTGAGT TCCC

>RNA53- SP2
TAAACCGCAGCGCGAAGCCAAAGGT GATGCGGAACACGCTGAGT TCCC

>RNA54- SP4
ATAAACCGT TGGGATCGGTI TCTGGAATTTTTGAGCGGT CGEGAGT TCCCC

>RNA55- SP2
ATAAACCGCAGCGGAAGCCAAAGGT GATGCCGAACACGTI TCEAGT TCCCC

>RNA56- THR t RNA
GIAATGCGAAGGTCGTAGGTTCGACTCC

>RNA57- SP4
ATAAACCGT TTGGATCGGGT CTGGAAT TTCTGAGCGGT CGCGAGT TCCCCECGECCAGCG

>RNA58- SP4
ATAAACCGT TTGGATCGGGT CTGGAAT TTCTGAGCGGT CGCGAGT TCCCCG

>RNA59- YGBF
TGTATCCGCAAAAATTCGT GAAAT GATCTGGGAACAAAT AGCT GGACT GECGGAAGEEEEC

>RNAG0O- SP8
AAACCGCT GCTGGAGCTGECT

>RNAG1- 23S
TCAAGGT TGAGECGTGATG

>RNAG2- SP8
ATAAACCGCT GCTGGAGCT GGCTGCAAGGCAAGCCGCCC

>RNAG3- SP7
ATAAACCGCGACT CACCCCGAAAGAGAT TGCCAGCCAGCTTGAGITC

>RNA64- SP4
ATAAACCGTTTGGATCGGT TCTGGAATTTTTGAGCGGT CGGGAGT TCCCCGCGC



>RNAG5- YGCH
ATCTTGTACAGCAAGGTATTGEGECCAGCTAAATCGATGCEGATGTGECTTGGTATCTTT

>RNAG6- SP1
ATAAACCGCT TTCGCAGACGCGCGECGATACGCT CACGCAGAGT TCCCCG

>RNA67- SP8
ATAAACCGCTGCTGGAGCTGGCTGCAAG

>RNAG8- SP8
ATAAACCGCCT GCTGGAGCTGECTGCAAG

>RNAG9- SP4
GICTGGAATTTTTGAGCGGT CGCGAGT TCCCCG

>RNA70- LEADER
ATAAGGAAATGT TACATTAAGGT TGGTGEGT TGT TTTTATGGGAAAAAATGCTTTAAGAAC

>RNA71- SP8
ATAAACCCCTGCTGGAGCTGECTG

>RNA72- SP3
ATGITGAGAGI TCCCC

>RNA73- SP4
ATAAACCGT TTGGATCGGGT CTGGAAT TTCTGAGCGGT CGCAAGTI TCCCCG

>RNA74- SP3
GGECTCCCTGICGGTTGTAATTGATAATGT TGAGAGT TCCCCGCGECC

>RNA75- SP2
ATAAACCGCAGCCGAAGCCAAAGGT GATGCCGAACACCCTGAGT TCCCC

>RNA76- SP4
ATAAACCGT TTGGATCGGTTCTGGAATTTTTGAGCGGT CGCGAGI TCCCC

>RNA77- SP2
ATAAACCGCAGCGGAAGCCAAAGGT GATGCCGAACACCCTGAGT TCCCC

>RNA78- SP1
ATAAACCGCT TTCGCAGACGCGCGECGATACGCT CACGCAGAGT TCCCC

>RNA79- SP4
ATAAACCGT TTGGATCGGEGT CTGGAAT TTCAGAGCGGT CGCGAGT TCCCCGCG



Figure S3

A Lambda genome map with proto-spacers
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A Phage A genome map indicating the main genes and transcripts (dotted arrows), and the
positions of the proto-spacers on the coding or template strand. B Design of two anti-A
CRISPRs (repeats. diamonds, spacers. rectangles) producing crRNAs complementary to
(indicated by a) either the coding strand (C;.4) of the four genes J, O, R and E (i.e. mRNA
and plus strand of the viral genome), or the template strand (T1.4) of these four genes (i.e.
minus strand). A third CRISPR (N) was designed as a non-targeting control containing the
naturally occurring spacers 1, 3, 5, and 7 from E. coli K12, which have no homology to any
known phage. The number of plague forming units obtained in the presence of this CRISPR
was used to calculate the efficiency of plaguing (Fig.4). Restriction sites were introduced in
spacer 2, 4 and 6 (EcoRI, BamHI and Nsil, respectively). C CRISPRs with single targeting
spacers (Cq, Cy, Cs, Cy, Ta, To, T3, T4) were obtained by exchange of single non-targeting
gpacers of the N CRISPR with the corresponding single targeting spacers of C;.4 and Ti1.4
CRISPRs using restriction enzyme pairs Ncol and EcoRI, EcoRIl and BamHI, BamHI and
Nsil, Nsil and Acc65l.



Figure4
Sequences of the CRISPRs used in this study

Coding CRISPR (C1.4), pWUR479
GGOGCGCCATGGAAACAAAGAATTAGCTGATCT TTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTTT
TTATGGGAAAAAATGCTTTAAGAACAAAT GTATACT TTTAGAGAGT TCCCCGOGCCAGCGGGGATAAACCGGGECC
CTTCGCTGATGGCAT CGAT CACACT CAGGAGT TCCCCGCGCCAGCGGGGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCTGAGT TCCCCGOGCCAGOGGGGATAAACCGGT TTGCTGGCTGTCACGCCTGCCTGTTGCTTG
GAGT TCCCOGOGCCAGOGGGGATAAACCGT TTGGATCGGGT CTGGATCCTCTGAGCGGT CGGAGT TCCCCGCGLC
AGCGGGGATAAACCGT TCAGGCCAAGCT GCT TGCGGT AGGCAT CCCAGAGT TCCCCGOGCCAGOGGGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCCGCGCCAGCGGGGATAAACCGT ATCGT CGGTCGG
GTCATACGT GGACT TGT CAGAGT TCCCCGCGCCAGCGGGGATAAACCGCAGCT CCCAT TTTCAAACCCATCAAGA
CGOGGTACCTTAATTAA

Template CRISPR (T1.4), PPWUR478
GGCGCGCCATGGAAACAAAGAATTAGCTGATCTTTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTITT
TTATGGGAAAAAATGCCTTTAAGAACAAATGTATACTTTTAGAGAGT TCCCCGCGCCAGCGGEGGATAAACCCECTGA
GTGTGATCGATGCCAT CAGCGAAGGGCCGAGT TCCCCGCGCCAGCGEGEGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCTGAGT TCCCCGCGECCAGCGEGEEATAAACCGCAAGCAACAGGCAGGCGTGACAGCCAGCAAAC
GAGTTCCCCGCGCCAGCGEGEGATAAACCGT TTGRATCGEGT CTGGAT CCTCTGAGCGGT CGGAGT TCCCCECECC
AGCGGGEGATAAACCGT GGGATGCCTACCGCAAGCAGCT TGGCCTGAAGAGT TCCCCGCGCCAGCGEEGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACTAGAGT TCCCCGCGCCAGCGEGEGATAAACCGTGACAAGT CCACG
TATGACCCGACCGACGATAGAGT TCCCCGCGECCAGCGGEGEGATAAACCGCAGCTCCCATTTTCAAACCCATCAAGA
CGCGGTACCTTAATTAA

Non-targeting CRISPR (N), pWUR477

GGCGCGCCAT GGAAACAAAGAAT TAGCTGATCT TTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTTT
TTATGGGAAAAAATGCT TTAAGAACAAAT GTATACT TTTAGAGAGT TCCCCGCGCCAGCGRGGATAAACCGCTTT
CGCAGACGCGCGGCGATACGCT CACGCAGAGT TCCCCGCGCCAGCGRGGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCT GAGT TCCCCGCGCCAGCGGEGRATAAACCGGGCTCCCTGTCGGT TGTAATTGATAATGT TGA
GAGT TCCCCGOGCCAGCGRGGATAAACCGT TTGGAT CGGGT CTGGAT CCTCT GAGCGGT CGGAGT TCCCCGCGLC
AGCGGGGATAAACCGCGAAT CGCGCATACCCT GCGCGT CGCCGCCT GGAGT TCCCCGCGCCAGCGRGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCCGCGCCAGCGRGGATAAACCGGACT CACCCCGAA
AGAGATTGCCAGCCAGCT TGAGT TCCCCGCGCCAGCGGGRATAAACCGCAGCT CCCAT TTTCAAACCCAT CAAGA
CGCGGTACCTTAATTAA

Coding CRISPR (Cy), pWUR491
GGOGCGCCATGGAAACAAAGAATTAGCTGATCT TTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTTT
TTATGGGAAAAAATGCT TTAAGAACAAAT GTATACT TTTAGAGAGT TCCCCGOGCCAGCGGEGGATAAACCGGEGECC
CTTCGCTGATGGCAT CGATCACACT CAGGAGT TCCCCGOGCCAGCGGGGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCT GAGT TCCCCGCGCCAGCGGEGGATAAACCGGGCTCCCTGTCGGT TGTAATTGATAATGT TGA
GAGT TCCCOGCGCCAGOGGGGATAAACCGT TTGGATCGGGT CTGGATCCTCTGAGCGGT CGGAGT TCCCCGCGCC
AGCGGGGATAAACCGCGAAT CGCGCATACCCT GCGOGT CGOCGCCT GGAGT TCCCCGOGCCAGOGGGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCOGCGCCAGCGGGGATAAACCGGACT CACCCCGAA
AGAGATTGCCAGCCAGCT TGAGT TCCCCGOGCCAGCGGGGATAAACCGCAGCT CCCATTTTCAAACCCAT CAAGA
CGCGGTACCTTAATTAA

Coding CRISPR (C,),pWUR492
GGOGCGCCATGGAAACAAAGAATTAGCTGATCT TTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTTT
TTATGGGAAAAAATGCTTTAAGAACAAATGTATACT TTTAGAGAGT TCCCCGOGCCAGCGGGGATAAACCGCTTT
CGCAGACGCGCGGOGATACGCT CACGCAGAGT TCCCCGOGCCAGOGGGGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCT GAGT TCCCCGCGCCAGCGGEGGATAAACCGGT TTGCTGGCT GTCACGCCTGCCTGT TGCTTG
GAGT TCCCCGCGCCAGCGGGGATAAACCGT TTGGATCGGGT CTGGAT CCTCT GAGCGGT CGGAGT TCCCCGCGLC
AGCGGGGATAAACCGCGAAT CGCGCATACCCT GCGOGT CGOCGCCT GGAGT TCCCCGOGCCAGOGGGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCOGCGCCAGCGGGEGATAAACCGGACT CACCCCGAA
AGAGATTGCCAGCCAGCT TGAGT TCCCCGOGCCAGCGGEGGATAAACCGCAGCT COCAT TTTCAAACCCAT CAAGA
CGCGGTACCTTAATTAA



Coding CRISPR (C3), pWUR493
GGOGCGCCATGGAAACAAAGAATTAGCTGATCT TTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGITT
TTATGGGAAAAAATGCTTTAAGAACAAAT GTATACT TTTAGAGAGT TCCCCGCGCCAGCGGGGATAAACCGCTTT
CGCAGACGCGCGGCGATACGCT CACGCAGAGT TCCCCGOGCCAGCGRGGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCTGAGT TCCCCGOGCCAGCGGEGGATAAACCGGGCTCCCTGTCGGT TGTAATTGATAATGT TGA
GAGT TCCCOGCGCCAGOGGGGATAAACCGT TTGGATCGGGT CTGGATCCTCTGAGCGGT CGGAGT TCCCCGCGLC
AGCGGGGATAAACCGT TCAGGCCAAGCT GCT TGCGGT AGGCAT CCCAGAGT TCCCCGOGCCAGOGGGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCCGCGCCAGCGGGGATAAACCGGACT CACCCCGAA
AGAGAT TGCCAGCCAGCT TGAGT TCCCCGOGCCAGCGGGGATAAACCGCAGCT CCCATTTTCAAACCCAT CAAGA
CGOGGTACCTTAATTAA

Coding CRISPR (Cy), pWUR494
GGOGCGCCATGGAAACAAAGAATTAGCTGATCT TTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTTT
TTATGGGAAAAAATGCTTTAAGAACAAATGTATACT TTTAGAGAGT TCCCCGOGCCAGOGGGGATAAACCGCTTT
CGCAGACGCGCGGCGATACGCT CACGCAGAGT TCCCCGOGCCAGCGRGGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCT GAGT TCCCCGCGCCAGCGGEGGATAAACCGGGCTCCCTGTCGGT TGTAATTGATAATGT TGA
GAGT TCCCOGOGCCAGOGGGGATAAACCGT TTGGATCGGGT CTGGATCCTCTGAGCGGT CGGAGT TCCCCGCGLC
AGCGGGGATAAACCGCGAAT CGCGCATACCCT GCGOGT CGOCGCCT GGAGT TCCCCGOGCCAGOGGGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCCGCGCCAGCGGGEGATAAACCGT ATCGT CGGTCGG
GTCATACGT GGACT TGT CAGAGT TCCCCGCGCCAGCGGGEGATAAACCGCAGCT CCCATTTTCAAACCCATCAAGA
CGCGGTACCTTAATTAA

Template CRISPR (T), pWURA487

GGCGCGCCAT GGAAACAAAGAAT TAGCTGATCT TTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTTT
TTATGGGAAAAAATGCTTTAAGAACAAAT GTATACT TTTAGAGAGT TCCCCGCGCCAGCGGGGATAAACCGCTGA
GT GT GATCGAT GCCAT CAGCGAAGGGCCGAGT TCCCCGCGCCAGCGRGGAT AAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCT GAGT TCCCCGCGCCAGCGGRGRATAAACCGRGCTCCCTGTCGGT TGTAATTGATAATGT TGA
GAGT TCCCCGCGCCAGCGRGGATAAACCGT TTGGAT CGGGT CTGGAT CCTCT GAGCGGT CGGAGT TCCCCGCGLC
AGCGGGGATAAACCGCGAAT CGCGCATACCCT GCGCGT CGCCGCCT GGAGT TCCCCGCGCCAGCGRGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCCGCGCCAGCGRGGATAAACCGGACT CACCCCGAA
AGAGATTGCCAGCCAGCT TGAGT TCCCCGCGCCAGCGGGGATAAACCGCAGCT CCCATTTTCAAACCCAT CAAGA
CGCGGTACCTTAATTAA

Template CRISPR (T»), pWUR488
GGCGCGCCATGGAAACAAAGAATTAGCTGATCTTTAATAATAAGGAAATGT TACATTAAGGTTGGTGGGTTGTTT
TTATGGGAAAAAATGCTTTAAGAACAAATGTATACTTTTAGAGAGT TCCCCGCGCCAGCGEGEGATAAACCCECTTT
CGCAGACGCGCGECGATACGCT CACCCAGAGT TCCCCGCGCCAGCGEEGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCTGAGT TCCCCGCGCCAGCGEEGATAAACCGCAAGCAACAGGCAGGCGTGACAGCCAGCAAAC
GAGT TCCCCGCGCCAGCGGGEGATAAACCGT TTGGATCGGGT CTGGATCCTCTGAGCGGT CGGAGT TCCCCaLaCC
AGCGGGCGATAAACCGCGAATCGCGCATACCCTGCGECGT CGCCGCCT GGAGT TCCCCGCGCCAGCGGEGGATAAACC
GTCAGCTTTATAAATATGCATATACGCGAAACTAGAGT TCCCCGCGCCAGCGGGGATAAACCGGACT CACCCCGAA
AGAGATTGCCAGCCAGCTTGAGT TCCCCGCGCCAGCGGEGATAAACCGCAGCTCCCATTTTCAAACCCATCAAGA
CGCGGTACCTTAATTAA

Template CRISPR (T3), pWUR489

GGCGCGCCAT GGAAACAAAGAAT TAGCTGATCTTTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTTT
TTATGGGAAAAAAT GCTTTAAGAACAAAT GTATACT TTTAGAGAGT TCCCCGCGCCAGCGGGGATAAACCGCTTT
CGCAGACGCGCGGCGAT ACGCT CACGCAGAGT TCCCCGCGCCAGCGGGRGATAAACCGCAGCCGAAGCCAAAGAAT
TCGCCGAACACGCT GAGT TCCCCGCGCCAGCGGGGATAAACCGGGCT CCCTGTCGGT TGTAATTGATAATGT TGA
GAGT TCCCCGOGCCAGCGGGGATAAACCGT TTGGATCGGGT CTGGATCCT CT GAGCGGT CGGAGT TCCCCGCGCC
AGCGGGGATAAACCGT GGGATGCCT ACCGCAAGCAGCT TGGCCT GAAGAGT TCCCCGCGCCAGCGGGGATAAACC
GTCAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCCGCGCCAGCGGGGATAAACCGGACT CACCCCGAA
AGAGATTGCCAGCCAGCT TGAGT TCCCCGCGCCAGCGGGGAT AAACCGCAGCT CCCATTTTCAAACCCATCAAGA
CGCGGTACCTTAATTAA

Template CRISPR (T4), pWUR490

GGCGCGCCAT GGAAACAAAGAAT TAGCTGATCTTTAATAATAAGGAAATGT TACATTAAGGT TGGTGGGTTGTTT
TTATGGGAAAAAAT GCTTTAAGAACAAAT GTATACT TTTAGAGAGT TCCCCGCGCCAGCGGGGATAAACCGCTTT
CGCAGACGCGCGGCGAT ACGCT CACGCAGAGT TCCCCGCGCCAGCGGGRGATAAACCGCAGCCGAAGCCAAAGAAT



TCGCCGAACACGCT GAGT TCCCCGCGCCAGCEEEGATAAACCGEGCTCCCTGT CGGT TGTAATTGATAATGT TGA
GAGT TCCCCGCGCCAGCGEEGATAAACCGT TTGGAT CGGGT CTGGATCCT CTGAGCGGT CGGAGT TCCCCECECC
AGCGGGGATAAACCGCGAAT CGCGCATACCCT GCGCGT CGCCGCCT GGAGT TCCCCGCECCAGCGEEGATAAACC
GICAGCTTTATAAATATGCATATACGGAAACT AGAGT TCCCCGCGCCAGCGGEEGATAAACCGT GACAAGT CCACG
TATGACCCGACCGACGATAGAGT TCCCCGCGCCAGCGEGEGATAAACCGCAGCTCCCATTTTCAAACCCATCAAGA
CGCGGTACCTTAATTAA



Table S1. Overview of different Cas systems. This table focuses on a subset of the Cas proteins: well conserved Cas proteins (Casl-4), and
subunits of the E. coli K12 Cascade complex (CasA-E); for more extensive comparative analyses, see (S15, S16). E. coli strains discussed in this

study arein bold.

Cas Family Cas system (CASS) ¢
protein®
none CASS1L CASS2 CASS3 CASHA CASS5 CASS6 CASS7 Function predicted (p)a’ or
demonstrated experimentally (€)
Species | Escherichia Bacillus Escherichia Escherichia Streptococcus Sulfolobus Nitrosomonas | Archaeoglobus
coli halodurans coli coli thermophilus solfataricus europaea fulgidus
Strain BL 21(DE3) C-125 K12 UTI189 CNRZ1066 P2 ATCC 19718 VC-16
Casl COG1518 - BHO0341 b2755 C0890 str0658 SS01450 NEO0111 AF1878 nuclease/integrase (p)
(YgbT)
Cas2 COG1343 - BH0342 b2754 C0891 " Str0659 SS08090 NEO0112 AF1876 | RNA endonuclease () (SL7)
(YgbF)
Cas3 COG1203 - BH0336 b2761 C0891 ° - SS01440 - AF1874 | DEAD-box helicase;
(YgCB) often fused to HD nuclease (p)
CasA COG1468 - BHO0340 - - g SS0O1451 - AF1877 RecB-like nuclease (p), often
has C-terminal Zn clusters
Cascade complex €
CasA YgcL - - b2760 - - - - - Zn-finger containing protein (p)
(Csel) (Ygcl)
CasB YgcK - - b2759 - - - - - a-helical protein (p)
(02 (YgeK)
CasC Ygcd - BHO0339 b2758 C0893 - SS01442 - AF1871 a/P protein, nuclease (p)
(Cs=4) (COG1857) (COG3649) | (Ygcd) (y1725)
CasD Ygcl - BHO0337 b2757 C0893/894 - SS01441 - AF1872 RAMP (p)
(Casb/5€) (COG1688) (Y 9 Cl) (y1726)
Cast YgcH - - b2756 C0896 - - - - RAMP (p),
(C=9 (YgcH) (y1727) crRNA endonuclease (€) €

& Cas protein nomenclature and functional prediction according to (S15, S16, S18)
® Family nomenclature according to (S16), family may contain several COGs

¢ CASS nomenclature according to (S16)

d Cast is absent in CASS4 (S. thermophilus), but is present in CASS4a (S16)
©this study

" Fusion of Cas2 and Cas3




Table S2

Strains, plasmids and primers used in this study.

Strains Description Source, reference
Escherichia coli K12 W3110 BW25113, B rph-1 INV(rrnD, rrnE) (S1)

E. coli K12 W3110AcasA JW2730 (S19

E. coli K12 W3110AcasB JW2729 (S19

E. coli K12 W3110AcasC JW2728 (S19

E. coli K12 W3110AcasD JW5844 (S19

E. coli K12 W3110AcasE JW2726 (S19

E. coli K12 W3110AuidA JW1609 B-glucuronidase knockout (819

E. coli BL21(DE3) F ompT gal decm lon hsg®s" mg?) A(DE3 [lacl lacUV5-T7 gene 1 ind1 sam7 nin5]) Novagen

E. coli BL21-Al F ompT gal dcm lon hs@@s” mg) araB:: T7TRNAP-tetA Novagen

E. coli HB101 F mcrB mrr hsdS204 my) recA13 leuB6 ara-14 proA2 lacY1 galK2 xyl-5 mtkisL20(Sf) ginV44 1 (S20)

E. coli DH5a F endAl ginV44 thi-1 recAl relAl gyrA96 deoR nudB0dacZAM15 A(lacZYA-argF)U169, hsdR17( mc*), A—

E. coli NEB5x fhuA2 A(argF-lacZ)U169 phoA ginV4480A (lacZ)M15 gyrA96 recAl relAl endAl thi-1 hsdR17 Wengland Biolabs
Plasmids Description and order of genes (5'-3") Restriction sites Primers Source
pET-52b(+) T7 RNA polymerase based expression veaimp® Novagen
pRSF-1b T7 RNA polymerase based expression vetoR Novagen
pCDF-1b T7 RNA polymerase based expression vestdr, Novagen
pACYCduet-1 T7 RNA polymerase based expressiorove@ant Novagen
pZErO-1.1 Cloning plasmid, Z8o Invitrogen
plH1119 Expression vector for N-terminal MalE fusiproteins, AmB New England Biolabs
pWUR384 casE in pET-52b with both Strepll- tag (N-term) and fisag (C-term) BamHI/Notl BG2253 + BG2254 This study
pWUR385 casD in pET-52b with both StreplI- tag (N-term) and fitag (C-term) Kpnl/Notl BG2316 + BG2252 This study
pWUR386 casC in pET-52b with both StreplI- tag (N-term) and Hisag (C-term) BamHI/Notl BG2249 + BG2250 This study
pWUR387 casB in pET-52b with both Strepll- tag (N-term) and Hisag (C-term) BamHI/Notl BG2245 + BG2246 This study
pWUR388 casA in pET-52b with both Strepll- tag (N-term) and Higag (C-term) Acc65I/Notl BG2247 + BG2248 This sfud
pWUR396 E. coli K12 CRISPR in pACYCDuet-1 Ncol/Acc65! BG2459 + BG2460 This study
pWUR397 cas3 in pRSF-1b, no tags Ncol/Notl BG2371 + BG2372 This study
pWUR399 casA-casB-casC-casD-casE-casl-cas2 in pCDF-1b, no tags Ncol/Notl BG2394 + BG2375 Tstisdy
pWUR400 casA-casB-casC-casD-casE in pCDF-1b, no tags Ncol/Notl BG2394 + BG2481 This study
pWUR401 casB-casC-casD-casE in pCDF-1b, no tags Ncol/Notl BG2464 + BG2481 This study
pWUR402 casC-casD-casE in pCDF-1b, no tags Ncol/Notl BG2465 + BG2481 This study
pWURA403 casD-casE in pCDF-1b, no tags Ncol/Notl BG2466 + BG2481 This study
pWUR404 casE in pCDF-1b, no tags Ncol/Notl BG2480 + BG2481 This study
pWURA405 casA-casB-casC-casD in pRSF-1b, no tags Ncol/Notl BG2394 + BG2482 This study
pWUR406 casA-casB-casC in pRSF-1b, no tags Ncol/Notl BG2394 + BG2483 This study
pWUR407 casA-casB in pRSF-1b, no tags Ncol/Notl BG2394 + BG2484 This study
pWUR408 casA in pRSF-1b, no tags Ncol/Notl BG2394 + BG2485 This study
pWURA472 pPWUR400 with H20A mutation in CasE BG2584 + BG2585 This study
pWURA473 pWUR404 with H20A mutation in CasE BG2584 + BG2585 This study
pWURA477 non targeting CRISPR in pACYCDuetN) ( Geneart, Germany
pWURA478 template CRISPR in pACYCDuet-1 (J Geneart, Germany
pWUR479 coding CRISPR in pACYCDuet-14(§ Geneart, Germany
pWUR480 casB with Strepll-tag (N-termpasC-casD in pET52b BG2573 + BG2482 This study
pWURA481 casE in plH1119 generating MalE-CasE fusion protein 2586 + BG2587 This study
pWURA487 Template CRISPR {)T pWUR477 with template spacer 1, subcloned fraMUR 478 Ncol/EcoRlI This study
pWURA488 Template CRISPR QT pWUR477 with template spacer 2, subcloned fraMuUR 478 EcoRI/BamHI This study
pWUR489 Template CRISPR T pWUR477 with template spacer 3, subcloned fréR 478 BamHI/Nsil This study
pWUR490 Template CRISPR T pWUR477 with template spacer 4, subcloned fréMRR 478 Nsil/Acc65I This study
pWUR491 Coding CRISPR & pWURA477 with coding spacer 1, subcloned from g®\479 Ncol/EcoRI This study
pWUR492 Coding CRISPR ¢f; pWUR477 with coding spacer 2, subcloned from gR\A79 EcoRI/BamHI This study
pWURA493 Coding CRISPR ¢ pWUR477 with coding spacer 3, subcloned from gR\A79 BamHI/Nsil This study
pWUR494 Coding CRISPR (§; pWUR477 with coding spacer 4, subcloned from gR\A79 Nsil/Acc65I This study




Experiment Primer Sequence (5'-3) Description
Plasmid construction BG2245 GCGCGGGATCTATGGCTGATGAAATTGATGCAATG casB + BamHI (fw)
BG2246 GGCCCGCGGCCGUGCATTTTTGTTTGTGGTCAATAC casB + Notl (rv)
BG2247 GCGCGGGTACAGATGAATTTGCTTATTGATAACTGGAT casA + Acc65l (fw)
BG2248 GGCCCGCGGCCGRECCATTTGATGGCCCTCCTTG casA + Notl (rv)
BG2249 GCGCGGGATCTATGTCTAACTTTATCAATATTCATGT casC + BamHI (fw)
BG2250 GGCCCGCGGCCBUGCCTCGCCATTATTACGAAC casC + Notl (rv)
BG2316 GCGCGGGTACAGATGAGATCTTATTTGATCTTGCGG casD + Kpnl (fw)
BG2252 GGCCCGCGGCCGITGAGATACATCCATACCTCCT casD + Notl (rv)
BG2253 GCGCGGGATCTATGTATCTCAGTAAAGTCATCATTG casE + BamHlI (fw)
BG2254 GGCCCGCGGCCGBIAGTGGAGCCAAAGATAGCAAG casE + Notl (rv)
BG2371 GCGCGCCATGBACCTTTTAAATATATATGCCATTACT cas3 + Ncol (fw)
BG2372 GGCCCGCGGCCGTATTTGGGATTTGCAGGGATGACT cas3 + Notl + stopcodon (rv)
BG2375 GGCCCGCGGCCGCAAACAGGTAAAAAAGACACCAAC cas2 + Notl + stopcodon (rv)
BG2394 GCGCGCCATGGTAATTTGCTTATTGATAACTGGATCC casA + Ncol (fw)
BG2459 GCGTACCATGGATAAGGAAATGTTACATTAAGGTTGG E. coli K12 CRISPR + Ncol (fw)
BG2460 GGTCCGGTACCAGCGTCAGGCGTGAAATCTCACC E. coli K12 CRISPR + Acc65l (rv)
BG2464 GCGCGCCATGGTATGGCTGATGAAATTGATGCAATG casB + Ncol (fw)
BG2465 GCGCGCCATGGTATGTCTAACTTTATCAATATTCATGT casC + Ncol (fw)
BG2466 GCGCGCCATGGTATGAGATCTTATTTGATCTTGCGG casD + Ncol (fw)
BG2480 GCGCGCCATGGTATGTATCTCAGTAAAGTCATCATTG casE + Ncol (fw)
BG2481 GGCCCGCGGCCGCACAGTGGAGCCAAAGATAGC casE + Notl + stopcodon (rv)
BG2482 GGCCCGCGGCCGOACTGAGATACATCCATACCTCC casD + Notl + stopcodon (rv)
BG2483 GGCCCGCGGCCGCACGCCTCGCCATTATTACGA casC + Notl_+ stopcodon (rv)
BG2484 GGCCCGCGGCCGOACGCATTTTTGTTTGTGGTCAAT casB + Notl + stopcodon (rv)
BG2485 GGCCCGCGGCCGAGCCATTTGATGGCCCTCC casA + Notl + stopcodon (rv)
BG2573 GCGCGGGTACAGATGGCTGATGAAATTGATGCAATG casB + Acc65l (fw)
BG2586 GGCCCGCGGCCGCCTGCAGACAGTGGAGCCAAAGATAGCAAG casE + Notl + Pstl + stopcodon (rv)
BG2587 GCGCGGAATTBTGTATCTCAGTAAAGTCATCATTG casE + EcoRl (fw)
QuikChange mutation | BG2584 GAGCAGGGATCTTTACCAACTTGCGAGGGATTATGGCATTTATTTCC QuikChange primeasE H20A (fw)
BG2585 GGAAATAAATGCCATAATCCCTGCGAAGTTGGTAAAGATCCCTGCTC QuikChange primeasE H20A (rv)
Cleavage reaction BG2559 CTGACTTAATACGACTCACTATAGGATAAACCGCTTTCGCAGAGCGCGGCGA T7 promotor E. coli K12 CRISPR transcript (fw)
BG2374 GGCCCGCGGCCGCCAGCGTCAGGCGTGAAATCTC E.coli K12 CRISPR transcript (rv)
BG2462 CTGACTTAATACGACTCACTATAGGGAGGATAAAAAAGGGTGG@GCAG T7 promotor +E. coli UTI89 CRISPR transcript (fw)
BG2463 GGTCGCACTCTTCAACGTTCAG E. coli UTI89 CRISPR transcript (rv)
BG2452 GAATTGTAATACGACTCACTATAGG T7 promotor + non-CRISPR transcript pZErO-1.1 (fw)
BG2461 CTGAGATACCTACAGCGTGAGC pZErO-1.1 non-CRISPR transcript (rv)
Northern blot BG2349 AGCTTGCGACCGCTCAGAAATTCCAGACGATCCAAAG E. coli K12 CRISPR spacer 4 (rv)
RNA cloning BG2164 GCCCGCCCGGATCOTTTTTTITTTTTTTITTITTITTITTITTITITTITVN Reverse transcrifan primer
BG2220 GCGCCCGCGGATOUCCCCCCCDN cDNA amplification + BamHI (fw)
BG2222 GCCCGCCCGGATCT cDNA amplification + BamHI (rv)




Table S3

Extended legend presenting strains and plasmids used in each figure. Plasmid number and corresponding products
are depicted in same color in each row. For strains, plasmids and primers see Table S2.

Fig. | manuscript legend | lane(s) | srain | plasmids (pWUR-) | comments
1 The composition of the Cascade complex.
1B Coomassie Blue stained SDS-PAGE gel of the 1 387 +399 + 397 CasB with both StreplI-tag (N-term) and Hisyo-
affinity purified protein complex using either the 2 tag (C-term) + CasABCDE/Casl/Cas2 + Cas3
amino-terminal Strepll-tag (S) or carboxy- 3 CasC with both StreplI-tag (N-term) and His;o-
terminal Histag (H) of eath of the subunits CasB, |74 E. coli BL2L(DE3), for 366 +399+ 397 tag (C-term) + CasABCDE/CasL/Cas2 + Cas3
, CasD or as bait. Asterisks indicate i i ; R K s
the 5 KDaheavir doubletegged suburits 2 protein overproduction 385 + 399 + 397 ggastjcfgﬁgojhcm log (Nteem) and Hise
arker sizesin kDaon the left, e location - =
of untagged subunits on the right. ; 384 + 399 + 397 ggfgg%ﬂ%mg%@gggf 'g'assla“
2 Cascade cleaves CRISPR RNA precursorsinto small RNAs of 57 nucleotides (<).
2A Northern analysis of total RNA of wild type E. WT E. coli K12 W3110
coli K12 (WT), anon-cas gene knockout (4u, AuidA E. coli K12 W3110 AuidA
uidA, B-glucuronidase) and Cascade gene- AcasA E. coli K12 W3110 AcasA
knockouts using a single stranded spacer AcasB E. coli K12 W3110 AcasB
sequence as a probe. AcasC E. coli K12 W3110 AcasC
AcasD E. coli K12 W3110 AcasD
AcasE E. coli K12 W3110 AcasE
2B Northern blot of total RNA from E. coli 1 396 E. coli K12 CRISPR
BL21(DE3) expressing the E. coli K12 pre- 2 400 + 396 CasABCDE + E. coli K12 CRISPR
crRNA and either the complete or incomplete 3 401 + 396 CasBCDE + E. coli K12 CRISPR
Cascade complex. 4 E. coli BL21(DE3) 408 + 402 + 396 CasA + CasCDE + E. coli K12 CRISPR
5 407 + 403 + 396 CasAB + CasDE + E. coli K12 CRISPR
6 406 + 404 + 396 CasABC + CasE + E. coli K12 CRISPR
7 405 + 396 CasABCD + E. coli K12 CRISPR
2C Activity assays with purified Cascade using in 1,4,7
vitro transcribed a-*2P-UTP labeled pre-crRNA 25,8
from E. coli K12 (repeat sequence: E. coli BL21(DE3), for CasABCDE + CasC with Sl(r.epll»tlag (N-term)
GAdGEUU(I:'CLJC'I'(Ijggc(CeApEe;;GGGGAUAAACCG) protein overprodu cii on 400 + 386 tand Hisyo-tag (C-term), purified using Strepll-
and E. coli r uence: 3,6,9
GUUCACUGCCGUACA?(qSCAGCUUAGAAA) o
and non-crRNA as substrates.
2D Activity assays asin 2C for 15 min using purified 1,47 control lanes without protein
MalE-LacZa and MalE-CasE fusion proteins. 2,5,8 E. coli DH5q, for protein plH1119 purified MalE-LacZo
3,69 overproduction 481 purified MalE-CasE
2E Northern blot asin 2B with Cascade or Cascade- 1 396 E. coli K12 CRISPR
CasEN?A, 2 E. coli BL21(DE3) 400 + 396 CasABCDE + E. coli K12 CRISPR
CasABCDE with H20A mutation in CasE + E.
3 472+ 396 coli K12 CRISPR
2F Activity assays asin 2C for 30 min using purified 1 control lane without protein
Cascade or Cascade-CasE"?*, 2 408+ 480 + 404 CasA + CasB with Strepll-tag (N-term)/CasCD
E. coli BL21(DES), for + Cast, purified using StreplI-tag
overproduction of protein CasA + CasB with Strepll-tag (Nl»tlerm)/(l:aSCD
3 408 + 480 + 473 + CasE with H20A mutation, purified using
Strepl|-tag
3 Cleaved crRNAs remain bound by Cascade.
3A Denaturing polyacrylamide gel showing the RNA CasB with both Strepl I-tag (N-term) and His;o-
isolated from purified Cascade in the absence and 1 E. coli BL21(DE3), for 387 + 400 tag (C-term) + CasABCDE, purified using
presence of co-expressed pre-crRNA. pfutei nand RNA ! Strepll-tag i
overproduction CasB with both Strepl|-tag (N-term) and Hisyo-
2 387 + 400 + 396 tag (C-term) + CasABCDE + E. coli K12
CRISPR, purified using Strepl I-tag
4 Engineered CRISPRs confer resistance to phage Lambda (1) in the presence of Cascade and Cas3.
4A Effect of the presence of different setsof cas Cascade + Cy4 400 + 479 CasABCDE + coding spacer 1-4
genes on the sensitivity of E. coli to phage Ay Cascade + Ty4 400 + 478 CasABCDE + template spacer 1-4
Cells were equipped with two engineered Cas3+ Ci4 397 + 479 Cas3 + coding spacer 1-4
CRISPRs containing four anti-i spacers each Cas3+ T14 397 + 478 Cas3 + template spacer 1-4
(Fig.S3). The Cy.4 CRISPR produces crRNA Cascade + Cas3 + Cia 400 + 397 + 479 CasABCDE + Cas3 + coding spacer 1-4
complementary to the coding strand of A, and Cascade + Cas3 + T4 200 + 397 + 478 CasABCDE + Cas3 + templale Spacer 1-4
the T,., CRISPR targets only the template strand. 1= Cogae Case 2% + CasABCDE with H20A mutation in CasE +
The sensitivity of each strain to phage A is 472 + 397 + 479 "
represented as a histogram of the efficiency of Cas3 + Cg R Cas3 + coding spacer 14
plaquing, which is the plague count ratio of the %eCasE + E. coli BL21-Al 472 + 397 + 478 CasABCDE with H20A mutation in Cask +
N N +Tig Cas3 + template spacer 1-4
anti-A CRISPR to that of the non-targeting control Cascade + Casl ¥
CRISPR (N). Co2 4 C 399 + 479 CasABCDE/Casl/Cas2 + coding spacer 1-4
1-4
Cascade + Casl + 309 + 478 CasABCDE/Casl/Cas2 + template spacer 1-4
Ca2+ Ty4
%%;SZC? (3:1+4 399 + 397 + 479 ;aasCA;rBiEl)E/CasUCaQ + Cas 3 + coding
ﬁe&é&f?; 399 + 397 + 478 gpa;;&il;)E/Casl/CasZ + Cas 3 + template
4B Effect of single anti-\ spacers (Fig.S3) onthe Cascade + Cas3 + C; 400 + 397 + 491 CasABCDE + Cas3 + coding spacer 1
sensitivity of E. coli to L. Cascade + Cas3 + C, 400 + 397 + 492 CasABCDE + Cas3 + coding spacer 2
Cascade + Cas3 + C3 400 + 397 + 493 CasABCDE + Cas3 + coding spacer 3
Cascade + Cas3 + C, E. coli BL21-Al 400 + 397 + 494 CasABCDE + Cas3 + coding spacer 4
Cascade + Cas3 + T, ’ 400 + 397 + 487 CasABCDE + Cas3 + template spacer 1
Cascade + Cas3 + T, 400 + 397 + 488 CasABCDE + Cas3 + template spacer 2
Cascade + Cas3 + T3 400 + 397 + 489 CasABCDE + Cas3 + template spacer 3
Cascade + Cas3 + T, 400 + 397 + 490 CasABCDE + Cas3 + template spacer 4
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